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[57] ABSTRACT

A shadow mask for a color picture tube, which has a
plurality of regularly aligned apertures, an oxide film
having good adhesion and anticorrosion characteristics
which i1s made of a metal alloy consisting of as the major
constituents, iron and nickel, wherein an iron content of
at least a surface layer of a portion of the shadow mask
which has the apertures is higher than that of the sub-
strate of the metal alloy.

3 Claims, 1 Drawing Figure

{0

20 30

ACCELERATING VOLTAGE (KV)



U.S. Patent Jun. 24, 1986 4,596,943

o
3
N
3 1Ox404
ﬂ .
E }
-
~ 4
8x10
n: - g
L]
8
=
2 6xi0%
'_.
5
@ 4x104
O
2x10%

ACCELERATING VOLTAGE (KV)



4,596,943

1
SHADOW MASK FOR A COLOR PICTURE TUBE

BACKGROUND OF THE INVENTION

The present invention relates to a shadow mask of a
color picture tube and a method of manufacturing the
same.

In general, a color picture tube has an electron gun
for generating three electron beams; a phosphor screen
which is formed on the inner surface of a faceplate of an
envelope to oppose the electron gun and which has red,
blue and green emitting phosphors aligned in a prede-
termined sequence; and a shadow mask which opposes
the phosphor screen at a predetermined distance (to be
referred to as a q value hereinafter) therefrom and
which has regularly formed apertures. In the color
picture tube of this type, the three electron beams are
converged in the vicinity of the apertures of the shadow
mask and diverge in a space having the q value. The
beams land on the corresponding phosphors to repro-
duce a color image.

This shadow mask is generally manufactured by the
following process. A photosensitive layer is formed to a
high-purity iron plate having a thickness of 0.1 to 0.3
mm. A mask pattern having a number of aperture im-
ages is lapped on the photosensitive layer. The photo-
sensitive layer is exposed to the image of the mask pat-
tern by a photo-exposure method. After development,
drying and burning, the iron plate is etched, so that the
iron plate has a number of apertures. The iron plate is
pressed so that the portion of the iron plate which has
the apertures is arcuated and that a peripheral portion
thereof is formed to have a shape to be suitably mounted
on a mask frame. The resultant structure is subjected to
oxidation such that a dark gray or black oxide film
having resistance to corrosion is formed on the surface,
thereby -obtaining a shadow mask. This oxide film
serves: to prevent reflection of an ultraviolet ray on the
shadow mask surface at the time when the phosphor
screen 15 formed by the photo-exposure method
through the shadow mask in the subsequent process; to
prevent rusting before the picture tube is evacuated; to
prevent the generation of secondary electrons; and to
absorb the electron beam when the picture tube is oper-
ated. Oxidation methods such as steam oxidation, gas
oxidation, or alkali bath oxidation can be used. The
color of the oxide film is dark gray or black. In general,
a blackish color is preferred.

The thickness of the oxide film preferably falls within
the range between 1 pm and 3 pm, as described in Japa-
nese Patent Disclosure No. 54-139463. When the thick-
ness of the oxide film is less than 1 um, rusting cannot be
compietely prevented. On the other hand, when the
thickness is greater than 3 pm, splashing frequently
occurs when the shadow mask is mounted in the color
picture tube.

The material of the shadow mask generally comprises
of a high-purity soft iron material. This material is se-
lected in consideration of the supply capacity, cost,
workability and strength. However, the major disad-
vantage of this material is its high thermal expansion
coefficient of about 12X 10—9/°C. in the temperature
range of 0° to 100° C. An electron beam transmittance
of the conventional shadow mask is about 15% to 25%.
The remaining 75% to 85% of the electron beams bom-
bard against the shadow mask, so that its kinetic energy
1s converted to thermal energy. As a result, the shadow
mask 1s often heated to a temperature of 80° C., and is
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subjected to a doming effect due to a high thermal ex-
pansion coefficient. Therefore, the q value locally devi-
ates from the rated value. Such a change in the q value
causes mislanding of each electron beam with respect to
a corresponding phosphor, thereby degrading color
purity. This tendency conspicuously occurs in a thin
shadow mask having 2 fine aperture pitch for a high-
resolution color picture tube. This problem becomes a
decisive factor in the overall quality of the color picture
tube.

In order to prevent the degradation of color purity,
an alloy which contains as major constitutents iron and
nickel and which have a thermal expansion coefficient
of 5X10-%/°C. or less (1/10 the thermal expansion
coefficient of iron) in the temperature ramge of 0° to
100" C. is used as a material of the shadow mask, as
described in Japanese Patent Publication No. 42-25446,
Japanese Patent Disclosure No. 50-58977 and Japanese
Patent Disclosure No. 50-68650. In other words, a mate-
rial having a low thermal expansion coefficient is used
to substantially solve the doming effect.

However, since a material containing as the major
constituents iron and nickel also tends to rust like soft
iron during the manufacturing process, the apertures
may clog and the withstand voltage characteristics of
the shadow mask may be degraded. In order to prevent
this, an oxide film is formed on the surface of the
shadow mask. However, it is very difficult to form a
black oxide film with high heat-resistive characteristics
and good adhesion on the above-mentioned alloy mate-
rial. A satisfactory oxide film cannot be formed on the
alloy plate surface under the normal conditions of a
stearn atmosphere at a temperature of 570° to 600° C., or
a CO+CO2+0; gas atmosphere at a temperature of
570° to 600° C. Even if the oxidation time is greatly
prolonged (60 to 90 minutes as compared with the nor-
mal oxidation time of 5 to 10 minutes) to form an oxide
film to a thickness of 1 to 3 um, adhesion between the
oxide film and the iron-nickel alloy plate is weak. The
oxide film tends to peel off the plate and forms dust
within the picture tube, thereby degrading the voltage
withstanding characteristics.

The above problem is assumed to be caused by the
following phenomenon. In general, an iron shadow
mask 1s oxidized in a steam atmosphere or a CO+CO..
+ O3 gas atmosphere of 570° to 600° C. for 5 to 10 min-
utes to form an oxide film. The resultant oxide film is
confirmed to comprise Fe;O3 and Fe304. The FeyO34--
Fe304 oxide film is firmly formed on the underlying
iron plate and will not peel off even after the resultant
structure is heated. In this manner, the oxide film can
serve to prevent the shadow mask from being corroded.
On the other hand, in the shadow mask having as major
constituents iron and nickel, a satisfactory oxide film
cannot be obtained even if the same oxidation condi-
tions as in the case of the iron shadow mask are given.
In order to obtain a sufficient thickness of the oxide film
formed on the iron-nickel alloy plate, the oxidation time
1s increased to obtain a desired thickness. However, in
this case, cracks occur in the oxide film during the sub-
sequent heat treatment, and the oxide film peels off the
iron-nickel plate. When the oxide film was analyzed in
order to inquire into the causes of these phenomena, it
was found that the oxide film contained nickel oxide
besides FeyO3 and Fe3O4. As a result, it is presently
assumed that an oxide film having a sufficient thickness
cannot be formed on the iron-nickel shadow mask since
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the iron concentration is low at the surface region of the
plate; and that the oxide film can peel off from the plate
during heat treatment since the thermal expansion coef-
ficients of the oxide film and the plate greatly differ
from each other.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above situation, and has for its object to provide
a shadow mask, wherein an oxide film is firmly formed

on an iron-nickel plate to prevent the plate from being
rusted.

The present inventors found that when a shadow
mask 1s subjected to a surface treatment wherein only
nickel in a surface layer of a metal alloy plate containing
as major constituents iron and nickel was dissolved
while the iron was protected so as to form an oxide film
having a sufficient thickness on the surface of the metal
alloy plate (i.e., the surface of the alloy plate 1s treated
with a nickel stripping solution), the iron content in the
surface layer 1s increased as compared with the initial
iron content, thereby forming under normal oxidation
conditions an oxide film having both good corrosion
resistance and good adhesion with the underlying sub-
strate. In this manner, since the oxide film is formed on
the surface layer wherein the iron content is higher than
the nickel content, the iron oxide content of the oxide
film 1s much higher than the nickel oxide content
thereof. The surface layer having a higher iron content
serves as an intermediate layer between the oxide film
and the underlying substrate so as to absorb thermal

stress between the oxide film and the underlying sub-
strate during the heat treatment.

According to an aspect of the present invention,
there is provided a shadow mask for a color picture
tube having a plurality of regularly aligned apertures
and comprising a metal alloy consisting of as major
constituents iron and nickel, wherein an iron content of
at least a surface layer of a portion of said shadow mask

which has the apertures is higher than that of the metal
alloy substrate. |

BRIEF DESCRIPTION OF THE DRAWING
The FIGURE is a graph showing the relationship
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between the accelerating voltage and the iron content

of a surface layer of a shadow mask in accordance with
an EPMA analysis.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The effect of the present invention will be described
in detail by way of examples.

EXAMPLE 1

Apertures were formed in a predetermined pattern by
photoetching on a metal alloy plate which had a thick-

ness of 0.1 mm and which contained as major constitu-
ents 36% nickel and iron. The resultant structure was
vacuum-annealed at a temperature of 1,100° C.; wrin-
kles formed during annealing were removed by a lev-
eler. Afterwards, the resultant structure was subjected
to a chemical treatment.

A chemical treatment solution was ENSTRIP S
(trade name for stripping agent for a nickel film plated
on an iron plate; available from Japan Metal Finishing
Company).

Six samples were treated with the stripping solution
containing 60 g/1 of ENSTRIP S and 100 g/1 of NaCN
for different treatment times. Iron contents of the
treated samples were measured as counts of an electron
probe X-ray microanalyzer (EPMA) per second, re-
spectively. Results are shown in FIG. 1. According to
this graph, when the treatment time is increased, the
count within the low accelerating voltage region is
increased, thereby indicating that the iron content in the
surface layer 1s increased.

Curves (a) to (g) correspond to treatment times
shown in Table 1, respectively.

The resultant flat mask was pressed such that a por-
tion having the apertures was curved and a peripheral
portion was shaped as a skirt portion which could be
suitably mounted on a mask frame.

The masks were degreased by Tricrene and were
placed in a Co+ CO;+ 07 gas atmosphere at a tempera-
ture of 570° to 600° C. to form oxide films thereon,
respectively.

The adhesion and anticorrosive characteristics of the
oxide films of the shadow masks are shown in Table 1.

TABLE 1

_Measurements of Properties of Oxide Film

Item

Corrosion resistance (rate of
corrosion occurred in corrosion test)

Thickness Adhesion No. of testing days _ _
Chemical of oxide of oxide After 1 After 2 After 3
treatment time film (um) film day (%) days (%) days (%)
a No treat- 0.5 —_ 6 20 43
ment or less
b 30 seconds 0.5 A 3 8 15
¢ 1 minute 1.5 0 0 2 7
d 3 minutes 2.5 0 0 3 9
e 5 minutes 4.0 A 0 4 8
f 10 minutes 7.0 X 10 28 53
g Controt: 2.0 0 2 3 17
pure iron
mask

Film thickness: Film section was pohished and subjected to measurement with a optical microscope.

Film adhesion: After heating the shadow mask at 450° C. X 60 min in an electric furnace, the shadow
mask was bent at 90° at a radius of curvature R of ] mm. A celiophane tape ptece was adhered to the
oxide film and was peeled to examine the peeling degree of the oxide film. Marks o, A and x in the table
indicate various degrees of peeling; o, no peeling; A, slight peeling; and x, peeling to an unsatisfactory

degree,

Corrosion resistance: After leaving the shadow mask in an atomosphere at a temperature of 35° C. and
a relative humidity of 90 to 95%, the rate of corrosion which occurred was observed (forcive testing).
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It 1s found that the shadow masks treated with the
chemical treatment solution described above at a tem-
perature of 80° C. for 1 to 3 minutes have the same
adhesion, (heat-resistive properties) and anti-corrosion
characteristics as, or greater adhesion and anti-corro-
sion characteristics than, those of the conventional
pure-iron shadow mask.

The shadow masks as shown by samples (c) and (d) in
Table 1 were assembled into color picture tubes, respec-
tively. These shadow masks were subjected to general
annealing, thereby preparing the finished color picture
tubes which were then operated. The degradation of
color purity due to thermal expansion of the shadow
masks was negligible. The apertures would not clog,
thereby providing a good withstand voltage chartacter-
istics. In this manner, even if the iron content of the
surface layer was increased by the chemical treatment,
the change in thermal expansion coefficient of the mate-
rial was found to be negligible.

Furthermore, when the picture tubes were disassem-
bled to check the surface states of the oxide films of the
shadow masks, substantially no dust and cracks of the
oxide films were observed.

EXAMPLE 2

The chemical treatment was performed after the
shadow mask was pressed and degreased by Tricrene.
Thereafter, the oxidation treatment was performed. The
- remaining procedures were the same as those of Exam-
ple 1. As a result, the shadow mask had the same effect
as in Example 1.

EXAMPLE 3

The chemical treatment was performed after photo-
etching. Subsequently, vacuum annealing was per-
formed. The subsequent processes were leveler-press
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shaping and the oxidation treatment. Any other process
and the treatment conditions were the same as those of
Example 1. In Example 3, nickel was slightly diffused in
the surface layer since chemical treatment was followed
by the vacuum annealing, so that the iron content was
slightly decreased. However, the shadow mask of Ex-
ample 3 was practically satisfactory.

In the above examples, the alloy material contains
36% nickel. However, a material containing 42%
nickel, 50% nickel, or super Invar containing 32% Ni
and 3% Co can be used.

As 1s apparent from the above examples, the shadow
mask for the color picture tube which has an oxide film
having good adhesion and anticorrosion characteristics
can be obtained. The resulting shadow mask is free from
peeling, dust formation, cracks and rusting.

What is claimed is:

1. A shadow mask for a color picture tube having a
plurality of regularly aligned apertures, comprising:

a metal alloy plate including iron and nickel as its
major constituents, the iron content of a surface
layer of at least a portion of said shadow mask
being higher than the iron content of a substrate of
the metal alloy plate; and

an oxide film formed on the metal alloy plate, the iron
content of a surface layer allowing improved bond-
ing between the metal alloy plate and the oxide
film.

2. A shadow mask as in claim 1 wherein an iron con-
tent of said oxide film formed on said metal alloy plate
layer is higher than that of a substrate of said metal alloy
plate.

3. A shadow mask as in claim 2 wherein said portion
of said shadow mask with the higher iron content is a

portion whereat said apertures are formed.
* % % % ¥k
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